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Georg-August-Universität Göttingen income? This paper is devoted to partially answer these questions. While the gains from trade are widely accepted, less is known about the magnitude of the penalty faced by countries for which trade is costly. Reducing trade costs has direct and indirect benefits; it promotes trade and also leads to industrial restructuration in the economy; higher specialisation, and changes in factor prices and real income. How do these effects operate, and how large might they be?
The relationship between international trade and transport costs is usually estimated as part of a gravity model of trade, which relates bilateral trade flows to the income and population of trading partners and the geographical distance between them.
Recent research has been concerned with the use of more accurate proxies for transport costs, like freight rates, infrastructure or customs procedures. In this line, Limao and Venables (2001) analyse empirically the dependency of trade and transport costs on geographical and infrastructural variables and estimate an elasticity of trade with respect to transport costs in the range 2-5. More recently, Martínez-Zarzoso and Suárez-Burguet (2005) and Martínez-Zarzoso et al. (2007) found similar results using disaggregated data.
The theoretical models used to generate the gravity equation usually assume homogeneous firms within a country and consumer love of variety. These two assumptions imply that all products are traded to all destinations. However, empirical observation indicates that few firms export and exporting firms commonly sell in a limited number of countries. This empirical fact has led to the development of the socalled new-new trade theories based on firm heterogeneity in productivity and fixed cost of exporting (Melitz, 2003) . These new theories predict the existence of a productivity threshold for each country that firms have to exceed in order to become exporters. As a result two margins of trade emerge: The number of unique shipments (extensive margin) and the average value of shipments (intensive margin).
In marked contrast with previous studies for maritime trade, we decompose total trade into extensive margin and intensive margin in order to shed light on why trade costs matter for trade, isolating which component of trade they most affect. We find that the number of unique shipments between origin and destination pairs does co-vary with distance. It is also worth noting that once freight rates are added as an explanatory variable of each trade margin, distance still explains both of them. This result confirms that the distance variable captures other barriers to bilateral trade different from transport costs such as information costs, business networks and cultural barriers. Some recent studies have found that distance is imperfectly correlated with transport costs. In light of these findings, a number of investigations have underlined the importance of obtaining better data on transport costs. Clark (2007) and Martinez-Zarzoso and Nowak-Lehmann (2007) find that distance is a poor proxy for transport costs. Distance may be a proxy for other types of trade costs and has the advantage of being truly exogenous of the volume of trade in goods.
Evidence that suggests that transport costs are only vaguely related to distance should not be confused with the finding that distance is correlated with trade flows.
Hilberry and Hummels (2008) note that roughly a quarter of world trade takes place between countries sharing a common border and half of world trade occurs between partners less than 3000 kilometres apart. It is not clear however whether the effect of distance on trade volumes can be ascribed to transport costs or to other trade determinants such as historical ties, cultural proximity or business networks.
We use import values and volumes and freight rates from the International Transport Database (BTI) from UNECLAC 1 . Our dataset compiles information on import and export of countries 2 in Latin America and the Caribbean, representing a total of 277 maritime trade routes over a period of six years (1999) (2000) (2001) (2002) (2003) (2004) . Since the data represent individual shipments and contains precisely defined origin-destination detail for those shipments, we are able to decompose bilateral trade values into extensive and intensive margin and to investigate how well the variability of each margin is explained by freight rates. We can also observe the evolution over time of the number of commodities shipped and the number of origins from which the commodities are imported. Whereas the number of commodities shipped increase over time, the number of origins from which products are shipped is relatively stable over the years. This paper contributes to the existent literature in several respects. Unlike previous work, we decompose intra-Latin American maritime trade flows into multiple components in an effort to study what margins of trade freight rates act upon. Also, we are able to compare the effect of distance with the effect of freights and to show that spatial frictions are not as relevant in explaining maritime trade in comparison to total trade. Section 2 presents the methodology to decompose shipments into several components and the main hypotheses to be tested. Section 3 describes the data and Section 4 shows the main results. Finally, Section 5 concludes.
DECOMPOSING MARITIME TRADE AND MAIN HYPOTESIS
In the related literature, the effect transport costs on trade has been commonly analysed using a gravity model of trade, with the dependent variable being the aggregate/ disaggregate value of trade between two countries. Some recent studies for aggregated trade are Sánchez, Hoffmann, Micco, Pizzolitto, Sgut and Wilmsmeier (2003) , Martinez-Zarzoso and Suarez-Burguet (2005) and Limao and Venables (2001) and for disaggregated trade Martínez-Zarzoso, García-Menendez and Suárez-Burguet (2003) and Martinez-Zarzoso (2009) . This approach relies on a model that assumes iceberg trade costs 3 and symmetric firms. In this setting, aggregated trade values react to trade cost in exactly the same way as firm-level quantities and consumers buy positive quantities of all varieties.
In this context we can express the quantity of a variety from origin country i to destination country j (q ij ) as 3 Iceberg trade costs mean that for each good that is exported a certain fraction melts away during the trip as if an iceberg were shipped across the ocean.
where E j denotes country j's total expenditure on the differentiated product, (p i t ij )
is the price of product i at destination j, this prices varies across destinations due to positive iceberg transport costs, t ij .
σ is a price index and σ is the elasticity of substitution, which is constant across varieties 4 (CES) 5 .
Since the quantity traded of each variety is in most cases not observable, adding two assumptions: All varieties in the origin are symmetric and the destinations will consume all the varieties in equal quantity, will allow us to multiply quantity per variety (q ij ) by prices (p i ) and by the number of varieties (n i ) to obtain total trade values. The outcome is
In equation (2) quantity per variety is the only component of T ij that has bilateral variation. As in Hillberry and Hummels (2008) , with our dataset we are able to examine each of the components of total trade values in a more flexible way since not only quantities, but also prices and the number of varieties vary across origin and destinations.
This could be the case when some of the assumptions above are relaxed. Prices may vary across destinations if the elasticity of substitution is not constant or if transport costs are not iceberg (Hummels and Skiba, 2004) . Therefore for a given year t:
At least three reasons have been suggested in the literature to explain why the number of traded varieties might vary with trade cost. First, goods produced in different locations (origin and destination) could be homogeneous. In this case, if production costs in origin and destination are very similar or the trade costs are sufficiently large, these goods will not be traded. Also, the higher freight costs are, the more likely products are to be non-traded goods. Second, if goods are differentiated by country of origin, each country producing a different variety has to incur in a fixed cost to sell the product in each destination country. Therefore, not all the varieties will be shipped to each destination and the number of varieties traded will depend negatively on the size of this fixed trade costs.
Finally, the reason could be that not all varieties are consumer goods. Intermediated inputs that are used in the production of final goods would only be exporter to destination j if country j produces the final good. Due to "just on time" production processes intermediates are usually traded along short distances.
The methodology we use to decompose aggregate value of trade into its various components is based on Hillberry and Hummels (2008) . Unique shipments are indexed by s and the total value of shipments from country i to country j is given by
where N ij is the number of unique shipments (extensive margin of trade) and ij PQ is the average value per shipment (the intensive margin). Hence, total trade value is decomposed first into extensive and intensive margin Since there can be multiple unique shipments within an origin-destination country pair, the number of shipments can be further decomposed into the number of distinct SITC goods shipped, N ij k , and the number of average shipments between a country of origin and a destination country, N ij F . N ij F >1 means that we observe more than 1 unique shipment per commodity travelling from country i to country j. 
By substituting equations (6) and (7) into (5) we can decompose total trade between two countries into four different components
The units to measure quantities are tons for all commodities. Using a common unit allow us to aggregate over different products and compare prices (import unit values) across all commodities.
We now have two decomposition levels, the first given by equation (5) decomposes total trade value into number of products traded and average value per product and the second, given by equation (8) decompose further these two components into another two each: the number of distinct SITC goods shipped, the number of average shipments between a country of origin and a destination country, average price and average quantity. Taking logs for the first and second level decompositions and adding the time dimension, t:
Next we began to analyze how each of the components of equation (10) First, for aggregated bilateral trade flows the model predicts that the elasticity of exports with respect to trade barriers is larger than in the absence of firm heterogeneity and larger than the elasticity for each individual firm. A reduction on variable cost has two effects: it increases the size of exports of each exporter and it also allows some new firms to enter the market. Therefore, the extensive margin amplifies the impact of variable costs.
Second, in more homogeneous sectors aggregated exports are very sensitive to changes in transportation costs because many firms enter and exit when variable costs changes.
Third, the elasticity of exports with respect to variable costs does not depend on the elasticity of substitution between goods, whereas the elasticity of exports with respect to fixed costs is negatively related to the elasticity of substitution, in contrast with models with representative firms, according to which the elasticity of exports with respect to transport costs equals the elasticity of substitution minus one.
Finally, with respect to the two margins of trade, Chaney (2008) shows that in the presence of firm heterogeneity, the extensive margin and the intensive margin are affected in different directions by the elasticity of substitution. The impact of trade barriers is strong in the intensive margin for high elasticities of substitution, whereas the impact is mild on the extensive margin. The author proves that the dampening effect of the extensive margin dominates the magnifying effect of the intensive margin.
We are interested to know if these predictions hold for maritime trade flows in Latin America. In order to test some of the abovementioned predictions, the estimating equation takes the following form:
were γ k and λ t are industry and year fixed effects and α i and β j are importer and exporter fixed effects. ε ijkt is an error term and ln(M ijkt ) is in turn the log of total imports and each of its components: the log of average value per shipment (intensive margin), and the log of the number of shipments (extensive margin), as described in equation (9). Since OLS is linear, the coefficient on total imports will be equal to the sum of the coefficients on the two margins. A further decomposition can be done, using as dependent variable in equation (11) each of the components of equation (10). Some summary statistics of our data are presented in Table 1 .
DATA DESCRIPTION
The main data source we use is the raw data files from the BTI (International Transport Database) dataset from UNECLAC that gives information on the actual freight rates per ton paid for the export of a certain good between countries i and j excluding loading costs. Table 1 in the Appendix shows the split between pure freight rates and insurance costs by importer. Insurance cost in ad-valorem terms is the highest for Argentina, it represents a 13 percent of total cif-fob costs (freight + insurance) and Venezuela (8.6 percent) and it is the lowest for Brazil (0.55 percent).
MAIN RESULTS
First we present some results for the decomposition of trade flows in Table 2 .
Argentina, followed by Brazil, shows the highest total import value. We observe the highest average number of shipments for Colombia and the lowest for Bolivia, whereas in terms of average value shipped Mexico shows the highest value and Bolivia, once more, the lowest. Table 3 presents the results of testing model (1) using distance as a proxy for transport costs and Table 4 adds freight rates as an additional explanatory variable.
The dependent variable in the first column in Table 3 is total imported value, whereas in the following columns each of the components of equation (10) is used as dependent variable. The coefficients of the gravity equation have the expected sign. GDP has a significant positive effect on both, the volume exported by firms and the number of exporters. Distance has a negative estimate for most of the components. Only the average price shows a positive distance coefficient. Increases in shipment distance correspond to increases in average price per ton. A similar result was obtained by Hillberry and Hummels (2008) .
The decomposition of the influence of distance on trade shows a greater effect on the extensive margin (column 2 of Table 3 ), for all products and for our sample. About 71% of the distance effect on trade works through the extensive margin (i.e. 0.399/(0.399+0.163)); 29% of the increase in aggregate trade flows comes from larger average shipments. Previous research finds similar results, with the extensive margin being more important than the intensive margin (Hillberry and Hummels, 2008; Mayer and Ottaviano, 2008) . Our results are closer to Mayer and Ottaviano (2008) , who analyze French and Belgian individual export flows and show that 75% of the distance effect on trade comes from the extensive margin.
Turning to the second level decomposition of equation (11), on the one hand we see that the decline in number of shipments over space come entirely from the second component (N ijf ), proximate geographic countries see a larger number of unique shipments per commodity, whereas the number of commodities shipped between countries (N ijk in column 4 of Table 3 ) does not seem to vary with distance. On the other hand, the components of average value per shipment (columns 6 and 7 in Table 3 ) change with distance in opposite direction. Increases in shipment distance correspond to increases in average prices per ton and decreases in average quantities shipped. The more plausible explanation is related to trade composition: goods with low value to weight are imported from closer locations than goods with high value to weight ratios. Table 4 shows the decomposition of the influence of ad-valorem transport costs on maritime trade. The effect is lower on the extensive margin (column 2), for all products and for our sample. Around 29% of the trade cost effect on trade works through the extensive margin, whereas 71% of the variation in aggregate trade works through the intensive margin (column 3). Hence, shipping costs seems to affect to a higher extent the intensive margin, which is in accordance with the theoretical prediction that states that changes in variable costs mainly affect the intensive margin of trade (Chaney, 2008) . It is widely recognized that shipping costs decrease with higher values traded and hence can be considered as variable costs of trade.
To our knowledge, this is the first paper that evaluates the effect of maritime transport costs on the two margins of trade. Previous research finds similar results for the effect on total import values. Our results are close to those found in a recent study done by Korinek (2009) . The results in her study indicate that, for a broad sample of countries, a 10% increase in shipping costs is associated with a 3% drop in trade. In our sample a 10% increase in shipping costs is associated with a 2.4% drop in trade.
Turning to the second level decomposition of equation (11), on the one hand we see that the decline in number of unique shipments due to higher shipping costs come entirely from the first component (N ijk ). Model 4 (Table 3) shows that the number of commodities shipped between countries decreases when shipping costs are higher, whereas the number of unique shipments per commodity (N ijf ) plays no role (Column 5).
On the other hand, results in Models 6 and 7 show that the components of average value per shipment change with shipping costs in the same direction. Increases in shipment costs are associated to decreases in average quantities shipped and in average prices per ton. 87% of the variation in average imported value works trough changes in average prices per ton, whereas only 13% works trough changes in average quantities shipped.
With respect to the previous results found in Table 3 for spatial frictions, the main pattern remains unchanged, the only difference is that adding shipping costs slightly reduces the estimated coefficient for distance and that the percentage of variation in distance explained through the extensive margin of maritime trade increases from 71 percent to 77 percent.
Shipping costs can also be decomposed into insurance and pure freight and we use this decomposition to test some of the predictions outlined before with respect to fix and variable trade costs. The results are presented in Table 5 . In this case we are using transport cost per tonne and insurance paid per tonne shipped. In this specification the effect of transport costs on the two margins of trade is more evenly distributed (50% of the variation of total imports is explained through the extensive margin and 50% through the intensive margin) and the effect of distance works completely through the extensive margin and does not affect the intensive margin. With respect to insurance, the effect on each margin goes in opposite direction: a higher insurance per tonne increases the number of unique shipments and slightly reduces the average value of the shipments.
Turning to the second level decomposition of equation (11), on the one hand we see that the increase in number of shipments due to a higher insurance cost come entirely from the second component (N ijf ), higher insurance costs is associated to a larger number of unique shipments per commodity, whereas the number of commodities shipped between countries does not seem to vary with insurance cost. On the other hand, the components of average value per shipment change with shipping costs in opposite directions and they almost compensate each other. Increases in insurance cost are associated to decreases in average quantities shipped and to increases in average prices per ton. 50% of the absolute variation in average imported value works trough each channel. The explanation could be related, once again, to trade composition: goods with low value to weight pay a lower insurance than goods with high value to weight ratios.
Finally, Table 6 present separated results by three product categories: Agriculture, raw materials and manufactures. Whereas the results for manufactures are very similar to those found for all products (Table and 4 ), interesting differences are found for agriculture and raw materials.
First, when the sample is restricted to agriculture and raw materials the total value of imports does not depend on distance, whereas shipping cost presents a higher estimated coefficient that for raw materials is almost double than the one found for manufactures.
Turning to the second level decomposition of equation (11), on the one hand we see that the decline in number of shipments over space come entirely from the second component (N ijf ) only for manufactures, proximate geographic countries see a larger number of unique shipments per commodity, whereas for agricultural products and raw materials the number of commodities shipped between countries does seem to increase with distance. On the other hand, the components of average value per shipment change with distance in opposite direction only for manufactures. Increases in shipment distance correspond to increases in average prices per ton and decreases in average quantities shipped. However, for raw materials and agriculture only the average price increases with distance, whereas the average quantity does not co-vary with spatial frictions.
With respect to shipping costs, we also observe a different pattern for agriculture and raw materials as compared with manufactures. The effect of a reduction in shipping costs on trade comes through both margins for the former, whereas for the latter it mainly works through the intensive margin.
As a robustness check, and in line with some previous findings (Martínez-Zarzoso and Nowak-Lehman, 2007), we consider a non-linear relationship between distance and the trade margins. The results are presented in Appendix 2. While for total value exported the coefficient of squared distance is not statistically significant from zero, we find an inverted U-shaped relationship between distance and the number of shipments, between distance and the average value shipped and between distance and the average quantity shipped. Therefore, the number of goods shipped increase with distance for shorter distances and then decreases. The turning point corresponds to a distance of 563 kilometres (the minimum distance in our sample is between Argentina and Uruguay, 215 km and the maximum 2854 km). The average quantity shipped increase only for distances lower than 702 km, whereas the average value imported increases with distances lower than 1252 km and then decreases. Further research is needed to explain these findings, a possible explanation can be found by considering the type of products shipped.
CONCLUSIONS
This paper focuses on the analysis of the relationship between maritime trade and transport costs in Latin America. According to new theories of international trade with imperfect competition and heterogeneous firms, lower trade costs increases bilateral trade through an increase of both margins of trade: The number of exporting firms (extensive margin) and the average value of imports (intensive margin). We use highly disaggregated trade data to decompose intra-LA imports into these two components to shed some light on why trade costs matter for trade. Several new findings are derived.
First, about 77 percent of the distance effect on trade works through the extensive margin, indicating that the number of shipments sharply decreases with distance. Spatial frictions are less relevant for the intensive margin, with only 23 percent of the distance effect working through this margin. Second, the opposite pattern is observed for ad-valorem freight rates: only 29 percent of its effect on trade works through the extensive margin, whereas 71 percent is attributable to the intensive margin.
Finally, the main results hold for manufactures, but change for agriculture and raw materials, especially with respect to spatial frictions, that are much less relevant for these categories of goods. Note: where L denote natural logs, TCIF denote the value of bilateral imports ($), NIJ; NIJF AND NIJK denote respectively the number of shipments, the number of distinct SITC goods shipped and the number of average shipments between a country of origin and a destination country, AVCIF, AVP, AVQ denote respectively average value of imports, average price of imports and average quantity imported. CIFOB refers to the ad-valorem transport cost, IGDP and EGDP are GDP of the importer and the exporter country respectively and IPOPU and EPOPU refer to populations in origin and destination. Notes: t-statistics are given below each estimate. The dependent variables are listed in the second row.
Value denotes imports in current $ of good k from the exporting country i to the importing country j in natural logarithms, N ij ; N ijf and N ijk denote respectively the number of shipments, the number of distinct SITC goods shipped and the number of average shipments between a country of origin and a destination country, AV(P*Q), avPrice, avQ denote respectively average value of imports, average price of imports and average quantity imported. All dependent and independent variables, excluding time dummies, are also in natural logarithms. LD denotes the log of distance, EGDPLN and IGDPLN denote Gross Domestic Product of the exporter and the importer country respectively and EPOPULN and IPOPULN denote the respective populations. All the estimations use country and product fixed effects and White's heteroscedasticityconsistent standard errors. Panel data are for the year 1999-2004. Notes: t-statistics are given below each estimate. The dependent variables are listed in the second row.
Value denotes imports in current $ of good k from the exporting country i to the importing country j in natural logarithms, N ij ; N ijf and N ijk denote respectively the number of shipments, the number of distinct SITC goods shipped and the number of average shipments between a country of origin and a destination country, AV(P*Q), avPrice, avQ denote respectively average value of imports, average price of imports and average quantity imported. All dependent and independent variables, excluding time dummies, are also in natural logarithms. LCIFOB denotes ad-valorem shipping costs, including freight and insurance, LD denotes the log of distance, EGDPLN and IGDPLN denote Gross Domestic Product of the exporter and the importer country respectively and EPOPULN and IPOPULN denote the respective populations. All the estimations use country and product fixed effects and White's heteroscedasticity-consistent standard errors. Panel data are for the year 1999-2004. Notes: t-statistics are given below each estimate. The dependent variables are listed in the second row.
Value denotes imports in current $ of good k from the exporting country i to the importing country j in natural logarithms, N ij ; N ijf and N ijk denote respectively the number of shipments, the number of distinct SITC goods shipped and the number of average shipments between a country of origin and a destination country, AV(P*Q), avPrice, avQ denote respectively average value of imports, average price of imports and average quantity imported. All dependent and independent variables, excluding time dummies, are also in natural logarithms. All explanatory variables, excluding time dummies, are also in natural logarithms. LCTON denotes the log of shipping cost per tonne including insurance, LINSTON is the log of the insurance per tonne and LD denotes the log of distance. All the estimations use country and product fixed effects and White's heteroscedasticity-consistent standard errors. Panel data are for the year 1999-2004. Notes: t-statistics are given below each estimate. The dependent variables are listed in the second row.
Value denotes imports in current $ of good k from the exporting country i to the importing country j in natural logarithms, N ij ; N ijf and N ijk denote respectively the number of shipments, the number of distinct SITC goods shipped and the number of average shipments between a country of origin and a destination country, AV(P*Q), avPrice, avQ denote respectively average value of imports, average price of imports and average quantity imported. All dependent and independent variables, excluding time dummies, are also in natural logarithms. LCIFOB denotes ad-valorem shipping costs, including freight and insurance and LD denotes the log of distance. All the estimations use country and product fixed effects and White's heteroscedasticity-consistent standard errors. 
